. The control mechanism for AC-DBD plasma actuators arises from an electro hydro dynamic (EHD) effect 10 . Interaction between the charged species in the plasma and neutral particles near the surface generates a low speed (<10 m/s) near wall jet in quiescent air, thus limiting its application in practical flight environments.
For NS-DBD plasma, Keisuke Takashima et al. 11 in Ohio university used Phase-locked schlieren images to visualize compression waves generated by the NS-DBD plasma. The results suggest that the compression wave may be a superposition of individual waves generated by discharge filaments, some of which remain fairly reproducible pulse-to-pulse.
Little et al. 12 obtained the ns-DBD transfers substantially less momentum to the neutral air molecules than the more widely studied ac-DBD plasma actuator. The momentum transfer is quite weak and is not expected to have a significant effect in the flow in the conditions tested. Instead, the control authority generated by ns-DBD plasma is believed to stem from rapid localized heating of the near-surface gas layer by the plasma. This gives rise to a complex pattern of quasi-planar and spherical compression waves in still air. Patel et al 13 、Li et al. 14 found that when the inflow velocity is 0.2 Ma, Microsecond pulse plasma aerodynamic actuation can effectively suppress flow separation on the suction side of the NACA 0015 airfoil.. Roupassov et al. 15 used ns-DBD to study airfoil flow separation, results showed that the flow rate increases to 0.74Ma, ns-DBD can still effectively inhibit the airfoil surface flow separation.
The present work promotes the spatial resolution of PIV system and obtains a fine velocity field induced by NS-DBD plasma actuators. The experimental results show that the velocity induced by NS-DBD is far less than that induced by AC-DBD, and the direction of the main induced velocity is opposite. 
II. Experimental Setup

Figure1. The plasma actuator
In order to reduce the effect of any external disturbances on the measurement, all tests are conducted in still air which is achieved by a closed cuboids chamber with a length of 600 mm, a width of 500 mm and a height of 500 mm. The bottom is the surface of a test table, and the other five faces of the chamber are made from plexiglas of 5 mm thick to allow for optical viewing and access of the laser sheet. The air inside the chamber under one atmospheric pressure is shielded from the air in the laboratory room. The seeds are smoke particles of approximately 1μm in diameter commonly used in cinema industry. The seeds would stay suspended for many hours and were only replenished when needed.
In our test, wo use two kinds of sources: one is AC source and another is NS source.
(1)The waveform of the AC source is sine wave. The peak-to-peak voltage is set at V p-p = 12 kV/13kV and carrier frequency varies is 11.75 kHz.
(2)The waveform of the NS source is impulse wave. The peak voltage is set at V p-p = 6.88 kV/9.2kV /9.8kV and carrier frequency varies is 1.712 kHz.
All the tests in this paper are continuous discharge actuation. An overview of the actuator parameters for all measurements is shown in table 1. 
C. Particle-Image-Velocimetry and Electro-magnatic Screen
The PIV system is manufactured by the DantecDynamic Company. The Nd:YAG Laser, a product of the Beamtech Optronics Co., emits single pulse of energy ≤ 200 mJ and produces double pulses with a time interval of 50 s μ .The laser sheet is 1 mm thickness, and is set at the position of 50% span-wise length of electrodes to make sure the induced flow is two dimensional. The repeat rate of the laser double-pulse is set at 10 Hz. Consecutive 10 seconds of sampling are performed for each case. The sampling number for ensemble averages is 100. A CCD camera of 2048 × 2048 pixels is used to capture the field-of-view of 20mm ×45mm. A software of DynamicStudio 3.31 version is used to calculate the cross-flow velocity vector field from the double-pulse images.
a). Photograph of AC-DBD F=11.75kHz
Exposure time is 0.04s.
b). Photograph of NS-DBD F=11.75kHz
There is about 68 pulses in exposure time (0.04s). The oscilloscope is a 4 Channel 500 MHz Digital Phosphor Oscilloscope and it has 5 M uncompromised long record length comes as standard and up to 2.5 GS/s sample rate on all channels for accurate representation of your signal.
It is worth mentioning that nanosecond pulse driven DBD plasma actuator has a large electromagnetic interference on experimental devices, especially on devices which have USB interface. When the voltage of the nanosecond pulse driven DBD plasma actuator gradually goes up, the mouse and keyboard which connected to the computer will be affected, even out of work. In addition, the laser system of PIV is sensitive to electromagnetic interference. When working simultaneously with the power supply, the transmitting frequency cannot be kept constant, causing the frame skipping of the camera. Considering the advice of expert, we take protective measures by using shield over host computer and synchronizer. Also, the camera is shielded by wrapping the front with copper mesh which has good light transmission (and this is the reason why PIV images in the flowing figures are blurred). All the shields are connected to the ground. The fluctuation of voltage curve shown above is subject to electromagnetic interference.
III. Experimental Results
A. Velocity Vectors and Contours
The time averaged flow field actuated by DBD is given in Fig. 5&6 . The exposed electrode is located between x = -5 mm and x = 0 mm and the encapsulated electrode is located between x = 0 mm and x=10 mm. The red arrow 
B. Convergence of Time-Averaged Velocity Components (u, v)
The origin of the coordinate system is located at the downstream upper edge of the exposed electrode as shown in Fig. 1 . In order to show that the results presented in this paper are convergent, the time averaged u and v induced by plasma are given in Fig. 7,8 The time averaged vorticity actuated by DBD is given in Fig. 14&15 . The main vorticity induced by AC source is on the right while that induced by NS source is on the left or right. The range and value of vorticity increase with higher voltage.
IV. Conclusions
The results show that the flow induced by AC-DBD aerodynamic actuation comes out as starting wall jet. 
